In this paper, we attempt to understand the cause of magnetostructural transformation in Mnbased antiperovskites by calculating EXAFS at the K edges of constituent metal atoms in three antiperovskite compounds, Mn 3 GaC, Mn 3 SnC and Mn 3 InC. These three compounds have very different magnetic ground states despite the similar cubic structure. Our calculations show that the distortions of Mn 6 C octahedra, which are responsible for the first-order magnetic transition to antiferromagnetic state, depends on the packing fraction of the lattice.
I. INTRODUCTION
The considerable attention received by antiperovskite materials is due to the wide range of properties such as superconductivity 1,2 , giant magnetoresistance 3, 4 , magnetostriction effect 5 , large magnetocaloric effect and giant negative thermal expansion (NTE) 6-10 demonstrated by them. The properties shown by these materials are associated with a first-order magnetostructural transition from paramagnetic or ferromagnetic to an antiferromagnetic state 6 .
The antiperovskite compounds have a chemical formula M 3 M ′ X where M is a 3d transition metal or a rare earth, M ′ is a metal or metalloid, and X = B, C or N occupying respectively the face centred, 1 2 , 1 2 , 1 2 , the (0, 0, 0) and the body centred 1 2 , 1 2 , 0 positions in a cubic lattice resulting in an inverse perovskite structure. Transition element like Mn occupying the face-centered position results in a triangular arrangement of spins leading to a geometric frustration. In most carbides such as Mn 3 GaC, the cubic-cubic volume expanding transition results in an interplay of magnetic interactions between the nearest and the next nearest Mn atoms according to the Goodenough-Kanomori rules. Such an interplay of magnetic interactions was believed to stabilize the antiferromagnetic ground state 11, 12 .
Recently, however, extended x-ray absorption fine structure (EXAFS) spectroscopy at the 18, 19 . For the FEFF calculations, spherical muffin tin potentials were self consistently calculated over a radius of 5Å. A default overlapping muffin tin potentials and Hedin-Lundqvist exchange correlations were used to calculate x-ray absorption transitions to a fully relaxed final state in the presence of a core hole. Calculations were carried out for Mn K, Ga K, Sn K, and In K edges for the experimentally observed cubic perovskite structure of the respective compound. Besides, different structural distortions centred around Mn atom were also considered by modifying the FEFF input file. In particular, two possible structural distortions were considered and are explained in detail in next section. XAFS was calculated for absorbing atoms occupying the respective crystallographic sites of the perovskite structure. During calculations the amplitude reduction factor, S 2 0 was fixed to 0.7 and the σ 2 for respective paths were calculated using the reported Debye temperatures for the three compounds and the spectrum temperature of 100K. The above-calculated EXAFS spectra for the three samples, Mn 3 GaC, Mn 3 SnC and Mn 3 InC were compared with the experimentally recorded spectra published earlier 13, 15, 17 .
III. RESULTS AND DISCUSSION
The three antiperovskite compounds, Mn 3 GaC, Mn 3 SnC and Mn 3 InC show different magnetic ground states despite having similar structures and is exemplified in figure 1 . Their lattice constants, magnetic ordering temperatures and the Mn-Mn distances obtained from the analysis of EXAFS data are tabulated in Table I for (14) 0.143 (19) hibit antiferromagnetic ground state even though the Mn sub-lattice in Mn 3 InC is locally distorted.
From Table I can be also seen in case of Mn 3 SnC ( figure 3(b) ). However, here the mismatch is mostly in the intensity rather than the phase. A phase-matching generally indicates similar local structure.
In the case of Mn 3 SnC, though experimental data analysis has revealed the existence of long and short Mn-Mn bond distances the difference between them is quite small compared to that in Mn 3 GaC (see Table I ). In the case of Mn 3 InC the agreement between calculated and experimental EXAFS signal is better than Sn containing antiperovskite compound (figure 3(c)). Mn 3 InC is the only antiperovskite among the three compounds studied here, that does not display a first-order magnetic transition even though the local structure around Mn is distorted.
As the local structure around M' atoms (Ga/Sn/In) is as per the crystal structure, the distortions around Mn atoms have to be within the cubic unit cell. Further, if one observes the structural correlations around Mn, then the cubic crystal structure demands Mn-Mn and Mn-M' bond distances to be equal. Since the Mn-M' distance can be estimated from Table II . It was found that about 5% distortions reproduce the experimental Mn K EXAFS in Mn 3 SnC very well and the results are presented in Figure 6 . In the case of Mn 3 InC, the distortions do not seem to improve the agreement between the calculated and the experimental data compared to the Mn EXAFS calculated as per cubic crystal structure indicating the distortions in Mn 3 InC to be quite small. Such a scenario also augers well with the calculated packing fraction which is just about 1 to 2% less than close packing value.
Thus the calculations suggest that antiferromagnetic order in cubic antiperovskites is a manifestation of local structural distortions of the Mn 6 C octahedra. Though the EXAFS recorded at the K edge of M' atom (Ga, Sn or In) can be fitted well with the correlations However, the Mn EXAFS in Mn 3 InC calculated using cubic structure matches well with the experimental data. The calculated packing fraction is also just about 1% less the close packing value of 74%. Such lattice packing fraction leaves very little or no scope for distortions in Mn 6 C octahedra in Mn 3 InC. The observed distortions in the analysis of experimental EXAFS data is a puzzle. However, careful observation reveals very little difference between the "cubic" fit and the "Delr" fit presented in Ref. 17 . Therefore, ab-initio calculations of Mn EXAFS based on cubic structure satisfactorily describing the experimental EXAFS in Mn 3 InC is understandable and could be considered as limitations of the two approaches.
IV. CONCLUSION
In conclusion, the antiferromagnetic order in Mn 3 AC type antiperovskites is mainly due to distortions in the Mn 6 C octahedra. The extent of these distortions depends on the 
